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(54) Stereoscopic image projection device 

(57) Images for adjustment are projected onto an 
image display section 12 by image projecting sections 
11-1, 1 1 -2 for a left eye and a right eye. The image pro- 
jecting sections 11-1 , 11-2 are disposed such that pro- 
jected image display ranges for the left eye and the right 
eye are substantially superposed. First, image projec- 
tion at the image projecting section 11-2, which is one 
of the image projecting sections for the left eye and the 
right eye, is stopped, and one image for adjustment 
which is projected onto the image display section 1 2 is 
picked-up by a pick-up section 13 for correction. Next, 
image projection by the image projecting section 11-2, 



at which projection had been stopped until then, is start- 
ed, and a new image for adjustment projected on the 
image display section 1 2 is picked-up by the pick-up 
section 13 for correction. After pick-up has been com- 
pleted, obtained image data is sent to a correction com- 
putation section 14 where, on the basis of the image da- 
ta, computation is carried out to generate correction da- 
ta for geometric distortion and positional offset. The cor- 
rection data is sent to a correction processing section 
15 where, on the basis of the correction data, correction 
processing is carried out on left and right inputted image 
signals. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a stereoscopic 
image projection device which can correct image distor- 
tion when an image for one eye and an image for an- 
other eye are projected from a plurality of projecting de- 
vices, and to a correction amount computing device of 
the stereoscopic image projection device. 

Description of the Related Art 

[0002] Generally, in order to view a stereoscopic im- 
age having binocular parallax, the left and right images 
which are projected for the stereoscopic image must be 
separated by filters and provided to the respective 
eyes . Or, left and right images having parallax must be 
alternately switched time-wise by shutters and provided 
to the respective eyes. 

[0003] As a method of viewing by separating into left 
and right images by filters, the following three-dimen- 
sional display system is disclosed in "Basics of Three- 
Dimensional Projected Images" (Ohmsha, NHK Broad- 
casting Technical Laboratory Edition), pages 139-144. 
In this three-dimensional display system, by using pro- 
jectors for a left eye and a right eye, images for a left 
eye and a right eye are passed through polarizing filters 
having different polarization directions and are project- 
ed on a screen in a superposed manner. By passing the 
images through polarizing filters for the left eye and the 
right eye, and by the image for the left eye being viewed 
by the left eye and the image for the right eye being 
viewed by the right eye, stereoscopic viewing is possi- 
ble. 

[0004] As a method of viewing by switching alternate- 
ly between left and right images overtime by using shut- 
ters, Japanese Patent Application National Publication 
No. 11-503533 discloses a method in which time-divid- 
ed shutters are used in place of the aforementioned po- 
larizing filters. In this method, a left eye image and a 
right eye image are displayed alternately from projec- 
tors. Synchronously with the display timing, a shutter for 
the left eye is opened and a shutter for the right eye is 
closed at the time of displaying the left eye image, and 
the shutter for the right eye is opened and the shutter 
for the left eye is closed at the time of displaying the right 
eye image. By these operations, the left eye image is 
viewed by the left eye, and the right eye image is viewed 
by the right eye. 

[0005] In a method which utilizes plural projectors and 
projects the left eye image and the right eye image from 
different projectors, there is parallax in the images pro- 
jected from the projectors. Even if the image display 
ranges of the both projectors are made to coincide ac- 
curately, the same image will be displayed in a some- 



what offset manner. In this state, if the left eye image 
and the right eye image are made to enter into the left 
eye and the right eye respectively, a correct three-di- 
mensional image can be seen. However, if the image 
5 display regions of the both projectors are offset, the 
amount of offset of the single image is such that there 
is the offset of the display positions in addition to the 
offset due to the parallax. Even if the respective images 
are made to enter the left eye and the right eye, a correct 
10 three-dimensional image cannot be viewed. 

[0006] Fig. 17A illustrates a case in which the posi- 
tional offset is large between a left eye image a and a 
right eye image b which are displayed on a screen, the 
positional offset being caused by the parallax offset be- 
15 tween the projector for the left eye and the projector for 
the right eye. Fig. 17B illustrates a case in which such 
positional offset is small. Fig. 17A illustrates a case in 
which the offset is large and Fig. 17B illustrates a case 
in which the offset is small. In addition to the parallax 
offset, there is also the offset in the display positions. 
Thus, the display ranges of the respective projectors 
must be accurately superposed. However, in a case in 
which plural images projected from plural projectors are 
superposed on a screen, minute aligning is necessary, 
and much time and work are required. 
[0007] Further, because the projector itself has a cer- 
tain size, in order to superpose the image display re- 
gions, the projecting direction must be set at an incline 
with respect to the screen. As a result, it has not been 
possible to avoid the distortion in which the display 
range, which should be rectangular, is trapezoidal. 

OBJECT(S) AND SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide 
a stereoscopic image projection device in which there 
is no need for fine positional adjustment and in which 
distortion of an image can be eliminated, and to provide 
a correction amount computing device of the stereo- 
scopic image projection device. 
[0009] A stereoscopic image projection device in ac- 
cordance with a first invention comprises: a plurality of 
image projecting means which, on the basis of image 
signals for one eye and another eye, project images for 
the one eye and the other eye which have parallax; im- 
age display means for displaying the images projected 
from the plurality of image projecting means; viewing 
means for dividing and enabling viewing, at the one eye 
and at the other eye respectively, of two-dimensional im- 
ages for the one eye and the other eye which are dis- 
played on the image display means; and correction 
processing means for carrying out correction process- 
ing on at least one of image signals for the one eye and 
the other eye, on the basis of an amount of correction 
of image distortion determined on the basis of the image 
displayed on the image display means. 
[0010] A correction amount computing device of a 
stereoscopic image projection device in accordance 
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with a second invention has a plurality of image project- 
ing means which, on the basis of image signals for one 
eye and another eye, project images for the one eye and 
the other eye which have parallax; image display means 
for displaying the images projected from the plurality of 
image projecting means; viewing means for dividing and 
enabling viewing, at the one eye and at the other eye 
respectively, two-dimensional images for the one eye 
and the other eye which are displayed on the image dis- 
play means; and correction processing means for car- 
rying out correction processing on at least one of image 
signals for the one eye and the other eye, on the basis 
of an amount of correction of image distortion deter- 
mined on the basis of the image displayed on the image 
display means, wherein the correction amount comput- 
ing device of a stereoscopic image projection device 
comprises: pick-up means for correction for picking-up 
an image projected on the image display means, for cor- 
rection; and correction computing means for computing 
a correction amount for correcting image distortion from 
picked-up image data, and outputting the correction 
amount to the correction processing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is diagram schematically showing a 
structure of a stereoscopic image projection device of a 
first embodiment of the present invention. 
[001 2] Fig. 2 is a diagram showing an arrangement of 
two projectors. 

[001 3] Figs. 3 A, 3B and 3C are diagrams showing dis- 
tortion arising due to the arrangement of the projectors, 
and a method of correcting the distortion. 
[0014] Fig. 4 is a diagram showing a method of ob- 
taining superposed images in which there is no position- 
al offset, in a case in which there is positional offset. 
[0015] Fig. 5 is a diagram schematically showing a 
structure of a stereoscopic image projection device of a 
second embodiment of the present invention. 
[001 6] Fig. 6 is a diagram showing a structural exam- 
ple of a pick-up section for correction in the second em- 
bodiment of Fig. 5. 

[0017] Fig. 7 is a diagram schematically showing a 
structure of a stereoscopic image projection device of a 
third embodiment of the present invention. 
[001 8] Fig. 8 is diagram showing a structu ral example 
of a pick-up section for correction in the third embodi- 
ment of Fig. 7. 

[0019] Fig. 9 is a perspective view of a structural ex- 
ample of a stereoscopic image projection device using 
four projectors. 

[0020] Fig. 1 0 is a diagram for explaining an example 
of a method for correcting non-uniformity of luminance. 
[0021] Fig. 1 1 is a block diagram showing a structural 
example of an image viewing section having an auto- 
matic focal point adjusting function. 
[0022] Fig. 1 2 is a diagram for explaining a conver- 
gence-angle in Fig. 11. 



[0023] Fig. 13 is a diagram schematically showing a 
structure of a stereoscopic image projection device of a 
fourth embodiment of the present invention. 
[0024] Figs. 1 4A, 1 4B, 1 4C, 1 4D are diagrams show- 

5 ing projection regions in cases in which images are pro- 
jected individually onto a screen from the respective pro- 
jectors in the fourth embodiment of Fig. 13. 
[0025] Fig. 1 5 is a six primary color spectral distribu- 
tion graph comparatively showing wavelength bands 

10 covering six primary colors which are the primary colors 
of R1 , G1 , B1 and the primary colors of R2, G2, B2, and 
wavelength bands of the three primary colors of RGB 
before filters are attached, in the fourth embodiment of 
Fig. 13. 

15 [0026] Fig. 16 is a chromaticity diagram showing, in 
comparison with conventional art, a color reproduction 
range obtained by six primary color display in the fourth 
embodiment of Fig. 13. 

[0027] Figs. 1 7A and 1 7B are diagrams for explaining 
large and small positional offset between an image for 
a left eye and an image for a right eye which are pro- 
jected on a screen. 



[0028] Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 



[0029] Fig. 1 is diagram schematically showing a 
structure of a stereoscopic image projection device of a 
first embodiment of the present invention. 
[0030] The stereoscopic image projection device of 
the present embodiment is structured to include a plu- 
rality of image projecting sections 11 -1 , 11-2, an image 
display section 12, a pick-up section 13 for correction, 
a correction computation section 14, a correction 
processing section 15, and an image viewing section 16. 
[0031 ] The plurality of image projecting sections 11-1, 
11-2 are formed by projectors or the like for projecting 
projected images for the left eye and the right eye. On 
the basis of image signals for the left eye and the right 
eye, images for the left eye and the right eye which have 
parallax are projected. 

[0032] The image display section 12 is formed by a 
screen or the like, and displays the images projected 
from the plurality of image projecting sections 11-1,11-2 
such that the images are substantially superposed on 
the screen. 

[0033] The image pick-up section 13 for correction is 
formed by a digital camera or the like, and picks up the 
images which have been projected on the image display 
section 12 in order to correct geometric distortion and 
positional offset in the projected images. 
[0034] The correction computation section 14 deter- 
mines, by computation, a correction amount of the dis- 
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tortion of the image from the image data picked-up by 
the pick-up section 13 for correction. 
[0035] The correction processing section 15 carries 
out correction processing of the image signals for the 
left eye and the right eye or either one of these image 
signals, on the basis of the correction amount deter- 
mined as the results of computation at the correction 
computation section 14. The correction processing sec- 
tion 15 supplies the correction processed image signals 
to the plural image projecting sections 11-1, 11-2. 
[0036] The viewing means 1 6 is formed by spectacles 
or the like, and divides the two-dimensional images for 
the left eye and the right eye which are displayed on the 
image display section 1 2, so as to enable the images to 
be viewed by the left eye and the right eye respectively. 
[0037] Next, operation and effects of the present first 
embodiment will be described. 

[0038] First, images for adjustment are projected onto 
the image display section 12 by the image projecting 
sections 11-1, 11-2 for the left eye and the right eye. The 
image projecting sections 11-1, 11-2 are disposed such 
that the projected image display ranges for the left eye 
and the right eye are substantially superposed. Next, im- 
age projection at one of the image projecting sections 
for the left eye and the right eye, for example, the image 
projecting section 11-2, is stopped. The one image for 
adjustment which is projected onto the image display 
section 1 2 is picked-up by the pick-up section 1 3 for cor- 
rection. When pick-up is finished, the image projection 
by the image projecting section 11-1, which has been 
displaying an image until then, is stopped, and image 
projection by the image projecting section 1 1 -2 at which 
projecting had been stopped until then is started. The 
image for adjustment which is newly projected on the 
image display section 12 is picked-up by the pick-up 
section 13 for correction. 

[0039] After pick-up has been completed, the image 
data obtained by pick-up is sent to the correction com- 
putation section 1 4. Here, computation based on the im- 
age data is carried out, and correction data for geometric 
distortion and positional offset is generated. The correc- 
tion data is sent to the correction processing section 15 
where, on the basis of the correction data, correction 
processing is carried out on the left and right image sig- 
nals inputted from a signal source (not shown). The im- 
age signals which have been subjected to correction 
processing are sent to the image projecting sections 
11-1,11-2, and images, whose geometric distortion and 
positional offset have been corrected, are displayed on 
the image display section 12. 

[0040] In a case in which it is known in advance that 
there is hardly any geometric distortion or positional off- 
set, with respect to the target position on the image dis- 
play section 12, of the image projected from one of the 
image projecting sections 1 1 -1 , 1 1 -2, it is possible to car- 
ry out correction processing for only the image signal of 
the image projected from the other image projecting 
section. 



[0041 ] Due to the above-described method, the posi- 
tional offset and geometric distortion of a plurality of im- 
ages which are superposed in order to obtain a stereo- 
scopic image can be electrically corrected without me- 
5 chanical fine adjustment. As a result, a stereoscopic im- 
age without geometric distortion and positional offset on 
the image display section 12 can be viewed by the im- 
age viewing section 16. 

[0042] Next, correction of positional offset and correc- 
ts Won of distortion will be explained. 

[0043] In a case in which the left eye image and the 
right eye image having the parallax information are pro- 
jected onto the screen 12, which is the image display 
section, by using the two projectors 11-1,11-2 which are 

15 the image projecting sections, and the two images are 
superposed, usually, it is necessary to dispose the pro- 
jectors 1 1 -1 , 1 1 -2 in an inclined arrangement as illustrat- 
ed in Fig. 2. This is because the projectors themselves 
have a certain size. 

20 [0044] In a case in which the projectors are arranged 
as illustrated in Fig. 2, because the projecting directions 
are not orthogonal with respect to the screen 1 2, the im- 
age display regions of the projectors 1 1 -1 , 1 1 -2 are dis- 
torted in trapezoidal shapes, as illustrated in Fig. 3B for 

25 example. In Fig. 3B, as compared to Fig. 3A which 
shows the original images, the left sides of the images 
are large and the right sides are small. In order to correct 
this co nfigu rational distortion, the distorted images are 
picked-up by the pick-up section 13, and a distortion 

30 amount is determined by computation at the correction 
computation section 14 from the picked-up image data. 
At the correction processing section 1 5, the distortion is 
eliminated by electrically applying a correction for elim- 
inating the distortion to the image signals . The state af- 

35 ter correction is applied is illustrated in Fig. 3C. Namely, 
the state in Fig. 3C is a state in which, in order to elim- 
inate the orthogonal screen amplitude, which gradually 
increases from the right side in the orthogonal direction 
to the left side and which is caused by the trapezoidal 

40 distortion of Fig. 3B, orthogonal amplitude correction is 
applied such that the compression amount of the orthog- 
onal amplitude is a maximum at the left side and the 
compression amount is gradually reduced so that the 
compression amount at the right side is substantially ze- 

45 ro . 

[0045] Arranging and adjusting the two projectors 
11-1,11-2 such that the two images are superposed cor- 
rectly requires much time and labor. Further, even if the 
projectors are disposed correctly at first, if, for some rea- 

50 son, the arrangement thereof deviates even slightly, 
there is the need to adjust the positions thereof again. 
In a case in which parallax images are projected by us- 
ing the two projectors, when there is positional offset, 
the parallax information cannot be correctly received at 

55 the viewing section 16, and an unnatural three-dimen- 
sional image is viewed. Namely, when there is positional 
offset, a proper stereoscopic effect cannot be achieved. 
Thus, as illustrated in Fig. 4, even if the image display 
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regions do not coincide correctly and there is slight off- 
set, if only the hatched portions in Fig. 4 are used, im- 
ages which are superposed without positional offset can 
be obtained. Or, as shown in Fig. 1 , even in a state in 
which there generally is positional offset, the positional 
offset can be eliminated by picking-up the images at the 
pick-up section 1 3, determining the amount of positional 
offset at the correction computation section 14 from the 
picked-up image data, and applying correction electri- 
cally to the image signals at the correction processing 
section 15. 

[0046] Note that each of the structures of the embod- 
iments of the present invention can of course be varied 
and modified in various ways. For example, the image 
display section 12 may be transmissive and the images 
viewed from the side opposite the side at which the pro- 
jectors 11-1, 11-2 are positioned (a rear type structure 
such as that of Fig. 1). Or, the image display section 12 
may be reflective and the images viewed from the same 
side as the projectors (a front type structure). Further, 
the correction computation section 14 may carry out 
computation of correction data for only the positional off- 
set, or may carry out computation of correction data for 
only the geometric distortion. 

[Second Embodiment] 

[0047] Fig. 5 is a diagram schematically showing the 
structure of the stereoscopic image projection device of 
the second embodiment of the present invention. In the 
present embodiment, the image for the left eye and the 
image for the right eye are projected onto the image dis- 
play section 12 such as a screen or the like by using 
polarizing means (e.g., polarizing filters). 
[0048] The stereoscopic image projection device of 
the present embodiment is structured to include the plu- 
rality of image projecting sections 11-1, 11-2, the image 
display section 1 2, the pick-up section 1 3 for correction, 
the correction computation section 14, the correction 
processing section 15, the image viewing section 16, 
and a plurality of first polarizing sections 21-1, 21-2 
which are provided to correspond to the plurality of im- 
age projecting sections 11-1, 11-2. 
[0049] The structures of the plurality of image project- 
ing sections 11-1 , 11-2 such as a plurality of projectors 
orthe like, the image display section 1 2 such as a screen 
or the like, the pick-up section 1 3 for correction such as 
a digital camera or the like, the correction computation 
section 1 4, the correction processing section 1 5, and the 
image viewing section 1 6 such as spectacles or the like 
are the same as in Fig. 1 . 

[0050] The polarization directions of the first polariz- 
ing section 21-1 , which is disposed in front of the pro- 
jector 1 1 -1 for the left eye, and the first polarizing section 
21 -2, which is disposed in front of the projector 11-2 for 
the right eye, are offset by a predetermined angle of, for 
example, 90° orthe like. 

[0051] Next, the operation and effects of the present 



second embodiment will be described. 
[0052] First, images for adjustment are projected from 
the image projecting sections 11-1, 11-2 for the left and 
right eye so as to pass through the respective polarizing 

5 sections of the plurality of first polarizing sections 21 -1 , 
21-2 and be projected onto the image display section 
12. The image projecting sections 11-1, 11-2 are dis- 
posed such that the image display ranges for the left eye 
and the right eye are substantially superposed on each 

10 other. Thereafter, the operations are the same as those 
of the first embodiment. 

[0053] Next, image projection at one of the image pro- 
jecting sections 11-1, 1 1 -2 for the left eye and the right 
eye, for example, the image projecting section 11-1, is 
is stopped. The one image for adjustment which is project- 
ed onto the image display section 1 2 is picked-up by the 
pick-up section 13 for correction. When pick-up is fin- 
ished, the image projection by the image projecting sec- 
tion 11-2, whose image has been displayed until then, 
is stopped, and image projection by the image projecting 
section 11-1 whose projecting had been stopped until 
then is started. The image for adjustment which is newly 
projected on the image display section 12 is picked-up 
by the pick-up section 13 for correction. 
[0054] After pick-up has been completed, the image 
data obtained by pick-up is set to the correction compu- 
tation section 14. Here, computation based on the im- 
age data is carried out, and correction data for geometric 
distortion and positional offset is generated. The correc- 
tion data is sent to the correction processing section 15 
where, on the basis of this data, correction processing 
is carried out on the left and right image signals (or on 
one of the image signals) inputted from a signal source 
(not shown). The image signals which have been sub- 
jected to correction processing are sent to the image 
projecting sections 11-1,11-2, and images, whose geo- 
metric distortion and positional offset have been correct- 
ed, are displayed on the image display section 12. 
[0055] By making the polarization directions of the 
first polarizing sections 21-1, 21-2 for the left eye and 
the right eye coincide, the two-dimensional images for 
the left eye and the right eye which are displayed on the 
image display section 12 can be divided and viewed re- 
spectively by the left eye and the right eye at the left eye 
portion and the right eye portion of the image viewing 
section 16. 

[0056] In accordance with the above method, the ge- 
ometric distortion and positional offset of the plurality of 
images which are superposed in order to obtain a ster- 
eoscopic image can be corrected electrically without 
mechanical fine adjustment. As a result, a stereoscopic 
image without geometric distortion and positional offset 
on the image display section 12 can be viewed by the 
image viewing section 1 6. 

[0057] Fig. 6 shows a structural example of the pick- 
up section 1 3 for correction in the above-described sec- 
ond embodiment. 

[0058] The pick-up section 13 for correction is struc- 
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tured so as to include a pick-up section 31 , a second 
polarizing section 32, a pick-up control section 33, a ro- 
tating section 34, a rotation control section 35, and a 
pick-up times counting section 36. 
[0059] The pick-up section 31 carries out pick-up of 
an image for correction, and temporarily accumulates 
the image data. The pick-up control section 33 controls 
the pick-up section 31. 

[0060] Only light of a given polarization direction 
passes through the second polarizing section 32. The 
polarization direction of the second polarizing section 32 
can be rotated by a predetermined angle, e.g., 90°, by 
the rotating section 34. In the step of obtaining image 
data for correction, the rotating section control section 
35 controls the rotating section 34, and sets the polar- 
izing angle of the second polarizing section 32. Namely, 
the polarizing angle of the second polarizing section 32 
can be set to an angle which is equivalent to the polar- 
izing angles of the plural first polarizing sections 21-1 , 
21-2. 

[0061 ] The pick-up times counting section 36 senses 
completion of pick-up of the image for correction, and 
counts the number of times that pick-up takes place. 
When the number of times that pick-up is carried out 
reaches a given number, acquisition of data for correc- 
tion is completed, and pick-up operation of the pick-up 
section 31 is stopped. 

[0062] The operation and effects of the second em- 
bodiment employing the structure of Fig. 6 will be ex- 
plained. 

[0063] First, images for adjustment are projected from 
the image projecting sections 11-1 , 11-2 for the left and 
right eye so as to pass through the respective polarizing 
sections of the plurality of first polarizing sections 21-1 , 
21-2 and be projected onto the image display section 
12. The image projecting sections 11-1, 11-2 are dis- 
posed such that the image display ranges for the left eye 
and the right eye are substantially superposed on each 
other. The polarization direction of the second polarizing 
section 32 is made to coincide with the polarization di- 
rection of the first polarizing section of one of the image 
projecting sections 11-1 , 11-2 for the left eye and right 
eye, e.g., with the polarization direction of the first po- 
larizing section 21-1 of the image projecting section 
11-1. In this state, an image for adjustment is projected 
onto the image display section 12. 
[0064] Then, the projected image for correction is 
picked-up at the pick-up section 31 of the pick-up sec- 
tion 13 for correction. When projection has been com- 
pleted, a signal giving notice that projection has been 
completed is generated at the pick-up section 31 , and 
this signal is sent to the pick-up control section 33, and 
is sent from the pick-up control section 33 to the rotation 
control section 35 and the pick-up times counting sec- 
tion 36. At the pick-up times counting section 36, the 
pick-up times value is incremented by 1 . At the rotation 
control section 35 which senses completion of pick-up, 
a rotation start signal is sent to the rotating section 34 



such that the second polarizing section 32 is rotated 90°. 
When rotation is completed, a signal giving notice that 
rotation has been completed is generated from the ro- 
tating section 34 and is sent to the rotation control sec- 
5 tion 35. At the rotation control section 35, a pick-up start 
signal is generated and sent to the pick-up control sec- 
tion 33. The pick-up control section 33 which has re- 
ceived the pick-up start signal sends this signal to the 
pick-up section 31 , and the image for correction which 
10 had not been picked-up previously is picked-up. After 
pick-up has been completed, a signal notifying that pick- 
up has been completed is generated from the pick-up 
section 31 and sent to the pick-up control section 33. 
The signal is sent to the rotation control section 35 and 
15 to the pick-up times counting section 36. Here, the pick- 
up times value is incremented by 1 . If the pick-up times 
value has reached a value set in advance, a correction 
stop signal is generated at the pick-up times counting 
section 36. This correction stop signal is sentto the pick- 
up control section 33 and to the rotation control section 
35, and pick-up and rotation of the second polarizing 
section 32 are stopped. If the pick-up times value has 
not reached the p re-set number of pick-up times, the se- 
ries of processes, from the process after arrangement 
of the image projecting sections 11-1 , 11-2, is repeated 
until the pick-up times value reaches the pre-set number 
of pick-up times. 

[0065] After pick-up has been completed, the picked- 
up image data is sent to the correction computation sec- 
tion 14. Here, computation based on the image data is 
earned out, and correction data for geometric distortion 
and positional offset is generated. The correction data 
is sent to the correction processing section 15 where, 
on the basis of this correction data, correction process- 
ing is carried out on the image signals for the left eye 
and the right eye from a signal source. The image sig- 
nals for the both eyes which have been subjected to 
processing are sent to the image projecting sections 
11-1,11-2, and images, whose geometric distortion and 
positional offset have been corrected, are displayed on 
the image display section 12. 

[0066] In accordance with the above method, the po- 
sitional offset and geometric distortion of the plurality of 
images which are superposed in order to obtain a ster- 
eoscopic image can be corrected electrically and auto- 
matically without mechanical fine adjustment. As a re- 
sult, a stereoscopic image without positional offset and 
geometric distortion on the image display section 1 2 can 
be viewed by the image viewing section 1 6. 

(Third Embodiment] 

[0067] Fig. 7 is a diagram schematically showing the 
structure of a stereoscopic image projection device of 
the third embodiment of the present invention. In the 
present embodiment, the image for the left eye and the 
image for the right eye are projected onto the image dis- 
play section 12 such as a screen or the like by using 



25 



30 



35 



40 



45 



50 



6 



11 



EP1 137 293 A2 



12 



shutter means (e.g., liquid crystal shutters). 
[0068] The stereoscopic image projection device of 
the present embodiment is structured to include the plu- 
rality of image projecting sections 11-1 , 11-2, the image 
display section 12, the pick-up section 13 for correction, 
the correction computation section 14, the correction 
processing section 15, an image viewing section 44, a 
plurality of first shutter sections 41-1, 41-2 which are 
provided to correspond to the plurality of image project- 
ing sections 1 1 -1 , 1 1 -2, a shutter control section 42, and 
a correction start signal generating section 43. 
[0069] The plurality of image projecting sections 11 -1 , 
11-2 are formed by, for example, projectors for the left 
eye and the right eye. On the basis of an image signal 
for each eyewhich is supplied from a signal source (not 
shown), the plurality of image projecting sections 11-1, 
1.1 -2 project images for the left eye and the right eye 
which have parallax. 

[0070] The plurality of first shutter sections 41 -1 , 41 -2 
repeats, at high speed, the operations of permitting pas- 
sage of and blocking passage of the image lights for the 
left eye and the right eye which are projected from the 
plurality of image projecting sections 11-1, 11-2, and 
project the images onto the image display section 12. 
[0071] The first shutter section 41 -1 disposed in front 
of the projector 11-1 for the left eye and the first shutter 
section 41 -2 disposed in front of the projector 1 1 -2 for 
the right eye are alternately turned on and off. 
[0072] The image display section 12 is a screen for 
displaying the images projected from the plurality of im- 
age projecting sections 11-1, 11-2. 
[0073] The image viewing means 44 is a structure 
such as spectacles which divides the two-dimensional 
images for the left eye and the right eye which are dis- 
played on the image display section 12, so as to enable 
the images to be viewed by the left eye and the right eye 
respectively. 

[0074] The image pick-up section 1 3 for correction 
picks up the images which have been projected on the 
image display section 12 in order to correct geometric 
distortion and positional offset and the like. 
[0075] The correction computation section 14 deter- 
mines, by computation, a correction amount of the dis- 
tortion of the image from the image data picked-up by 
the pick-up section 13 for correction. 
[0076] The correction processing section 15 carries 
out correction processing of the image signals for the 
left eye and the right eye (or one image signal), on the 
basis of the correction amount determined as the results 
of computation at the correction computation section 14. 
[0077] The shutter control section 42 controls opera- 
tions of the plurality of first shutter sections 41-1 , 41-2 
and the pick-up section 13 for correction. 
[0078] The correction start signal generating section 
43 generates a correction start signal, and makes the 
shutter control section 42 and the pick-up section 1 3 for 
correction start operations for correction. 
[0079] Next, the operation and effects of the third em- 



bodiment will be explained. 

[0080] First, images for adjustment are projected onto 
the image display section 1 2 by the image projecting 
sections 1 1 -1 , 1 1 -2 for the left eye and the right eye, and 
5 the image projecting sections 11-1, 11-2 are disposed 
such that the images for the left eye and the right eye 
are substantially superposed on each other. By turning 
the switch provided at the correction start signal gener- 
ating section 43 on, a correction start signal is generat- 
ed, and the correction start signal is sent to the shutter 
control section 42. When the correction start signal is 
received at the shutter control section 42, the shutter 
section for the left eye or for the right eye among the 
plurality of first shutter sections 41 -1 , 41 -2 is closed (e. 
g., the shutter section 41 -2 is closed), and projection of 
the projected image is stopped. The shutter control sec- 
tion 42, which has received the correction start signal, 
sends a pick-up start signal to the pick-up section 1 3 for 
correction. At the pick-up section 13 for correction which 
has received this signal, after a fixed period of time 
elapses, the image for adjustment of one of the left eye 
and the right eye displayed on the image display section 
12 is picked-up (e.g., the image for adjustment for the 
left eye is picked-up). When pick-up is completed, a 
pick-up completion signal is generated at the pick-up 
section 13 for correction, and this signal is sent to the 
shutter control section 42. At the shutter control section 
42 which has received the pick-up completion signal, of 
the plurality of the first shutter sections 41 -1 , 41-2, the 
shutter section 41 -2 for of the right eye which has been 
closed until now is opened, and the shutter section 41 -1 
forthe left eyewhich has been open is closed. Projection 
of the image for the right eye, for which projection has 
been stopped, is started again, and projection of the im- 
age for the left eye, for which image projection had been 
carried out until then, is stopped. At the same time, the 
shutter control section 42 sends a pick-up start signal to 
the pick-up section 1 3 for correction . After a fixed period 
of time passes, the pick-up section 13 for correction, 
which has received this signal, picks-up the image for 
correction which is displayed on the image display sec- 
tion 12. 

[0081 ] After pick-up has been completed, a signal giv- 
ing notice that pick-up has been completed is generated 
from the pick-up section 1 3 for correction, and is sent to 
the shutter control section 42. The shutter control sec- 
tion 42, which has received this signal, returns the op- 
eration of the shutter to the operation at the time of nor- 
mal image viewing. Further, simultaneously with the 
completion of pick-up, the picked-up image data is sent 
to the correction computation section 14. Here, compu- 
tation based on the image data is carried out, and cor- 
rection data for geometric distortion and positional offset 
is determined. The correction data is sent to the correc- 
tion processing section 15 where, on the basis of this 
correction data, correction processing is carried out on 
the left and right image signals (or one of the image sig- 
nals) from a signal source (not shown). The image sig- 
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nals which have been subjected to correction process- 
ing are sent to the image projecting sections 11-1,11-2, 
and images, whose geometric distortion and positional 
offset have been corrected, are displayed on the image 
display section 12. The opening and closing timing of 
the left eye portion and the right eye portion of the image 
viewing section 44 is made to match the opening and 
closing timing of the first shutter sections 41 -1 , 41 -2 for 
the left and right eyes. Thus, the two-dimensional imag- 
es for the left eye and the right eye which are displayed 
on the image display section 12 are divided so as to be 
able to be viewed by the left eye and the right eye re- 
spectively. 

[0082] In accordance with the above method, the ge- 
ometric distortion and positional offset of the plurality of 
images which are superposed in order to view a stere- 
oscopic image can be corrected electrically and auto- 
matically without mechanical fine adjustment. As a re- 
sult, a stereoscopic image without geometric distortion 
and positional offset on the image display section 1 2 can 
be viewed by the image viewing section 44. 
[0083] Fig. 8 shows a structural example of the pick- 
up section 1 3 for correction in the above-described third 
embodiment. 

[0084] The pick-up section 13 for correction is struc- 
tured so as to include a pick-up section 51, a pick-up 
control section 52, and a pick-up times counting section 
53. 

[0085] The pick-up section 51 carries out pick-up of 
an image for correction, and temporarily accumulates 
the image data. The pick-up control section 52 controls 
the pick-up section 51 . 

[0086] The pick-up times counting section 53 senses 
completion of pick-up of the data for correction, and 
counts the number of times that pick-up takes place. 
When the number of times that pick-up is carried out 
reaches a given number, acquisition of data for correc- 
tion is completed, and pick-up operation of the pick-up 
section 51 is stopped. 

[0087] The operation and effects of the third embodi- 
ment employing the structure of Fig. 8 will be explained. 
[0088] First, images for adjustment are projected onto 
the image display section 12 by the image projecting 
sections for the left eye and the right eye, and the image 
projecting sections 11-1,11-2 are disposed such that the 
images for the left eye and the right eye are substantially 
superposed on each other. By turning a switch (not 
shown) of the correction start signal generating section 
43 on, a correction start signal is generated, and the cor- 
rection start signal is sent to the shutter control section 
42. When the correction start signal is received at the 
shutter control section 42, only one of the plurality of first 
shutter sections 41 -1 , 41 -2 for the left eye and the right 
eye is closed (e.g., the shutter section 41-2 for the right 
eye is closed), and projection of the projected image is 
stopped. Thereafter, a pick-up start signal is sent from 
the shutter control section 42 to the pick-up control sec- 
tion 52 in the pick-up section 13 for correction. After a 



fixed period of time elapses, the pick-up control section 
52 which has received the pick-up start signal sends the 
pick-up start signal to the pick-up section 51 . The one 
image for adjustment displayed on the image display 

5 section 12 (e.g., the image for adjustment for the left 
eye) is picked-up at the pick-up section 51 which has 
received the pick-up start signal. When pick-up is com- 
pleted, a pick-up completion signal is generated at the 
pick-up section 51 , and this pick-up completion signal is 

10 sent to the shutter control section 42 and to the pick-up 
times counting section 53 via the pick-up control section 
52. At the pick-up times counting section 53 , thepick- 
up times value is incremented by 1 . At the shutter control 
section 42 which has received the pick-up completion 

'5 signal, of the plurality of the first shutter sections 41 -1 , 

41 -2, the shutter section 41 -2 for the right eye which had 
been closed until then is opened, and the shutter section 
41-1 for the left eye which has been open is closed. Pro- 
jection of the image for adjustment for the right eye, for 
which projection has been stopped, is started again, and 
projection forthe left eye, for which image projection had 
been carried out until then, is stopped. At the same time, 
the shutter control section 42 sends a pick-up start sig- 
nal to the pick-up control section 52. After a fixed period 
of time passes, the pick-up control section 52, which has 
received this pick-up start signal, sends the pick-up start 
signal to the pick-up section 51 . The pick-up section 51 
which has received the pick-up start signal picks-up the 
image for adjustment for the right eye which is displayed 
on the image display section 12. 
[0089] After pick-up has been completed, the pick-up 
section 51 generates a signal giving notice that pick-up 
has been completed, and this pick-up completion signal 
is sent, via the pick-up control section 52, to the shutter 
control section 42 and the pick-up times counting sec- 
tion 53. Here, the pick-up times value is incremented by 
1 . When the pick-up times value has reached a pick-up 
times value which is set in advance, the pick-up times 
counting section 53 generates a correction stop signal, 
and sends the correction stop signal to the pick-up con- 
trol section 52, and pick-up stops. If the pick-up times 
value has not reached the pick-up times value which is 
set in advance, the series of processes, from the proc- 
ess after arrangement of the image projecting sections, 
is repeated until the pick-up times value reaches the pre- 
set number of pick-up times. Further, the correction stop 
signal is sent from the pick-up control section 52 to the 
shutter control section 42. At the shutter control section 

42 which has received the correction stop signal, oper- 
ation of the first shutter sections 41 -1 , 41-2 is returned 
to operation at the time of normal image viewing (i.e., 
alternate, high-speed switching operation). 
[0090] The pick-up control section 52, which has re- 
ceived the correction stop signal, sends the correction 
stop signal to the pick-up section 51 as well. The pick- 
up section 51 sends to the correction computation sec- 
tion 14 all of the image data which was picked-up from 
the time the correction start signal was received to the 
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time the correction stop signal was received at the pick- 
up section 15. 

[0091 ] The correction computation section 1 4 carries 
out computation on the basis of the image data sent 
thereto, and generates correction data for geometric s 
distortion and positional offset. This correction data is 
sent to the correction processing section 1 5 where, on 
the basis of the correction data, correction processing 
is earned out on the image signals for the left eye and 
the right eye (or one of the image signals) from a signal 
source which is not shown. The image signals which 
have been subjected to correction processing are sent 
to the image projecting sections 11-1,11-2, and images 
for which geometric distortion and positional offset have 
been corrected are displayed on the image display sec- 
tion 12. 

[0092] By making the opening and closing timings at 
the first shutter sections 41 -1 , 41 -2 for the left eye and 
the right eye coincide, the two-dimensional images for 
the left eye and the right eye which are displayed on the 
image display section 12 are divided for the left eye and 
the right eye and viewed at the left eye portion and the 
right eye portion of the image viewing section 44. 
[0093] In accordance with the above method, the po- 
sitional offset and geometric distortion of the plurality of 
images which are superposed in order to view a stere- 
oscopic image can be corrected electrically and auto- 
matically without mechanical fine adjustment. As a re- 
sult, a stereoscopic image without positional offset and 
geometric distortion on the image display section 1 2 can 
be viewed by the image viewing section 44. 
[0094] The above-described embodiment presuppos- 
es use of one projector for each of the left eye and the 
right eye. However, in the present invention, two or more 
projectors may be used for each of the left eye and the 
right eye. As an example, the system shown in Fig. 9 in 
which two projectors are used for each of the left eye 
and the right eye will be described. In Fig. 9, by using 
four projectors, the image display area is about twice 
that in a case in which two projectors are used. 
[0095] In Fig. 9, the projected images projected from 
projectors A, B for the left eye and right eye are projected 
onto the upper half of the screen of the image display 
section 12. The projected images projected from projec- 
tors C, D for the left eye and right eye are projected onto 
the lower half of the screen of the image display section 
1 2. Accordingly, in the case of Fig. 9 as well, in the same 
way as in the first through third embodiments, for the top 
two projectors A, B among the four projectors, first, an 
image for correction projected onto the image display 
section 1 2 from the projector A for the left eye for exam- 
ple is picked-up at a pick-up section for correction which 
is disposed in front of the image display section 1 2, and 
the image data is obtained. For the projector B for the 
right eye as well, similarly, the image for correction pro- 
jected onto the image display section 1 2 from the pro- 
jector B is picked-up at a pick-up section for correction, 
and the image data is obtained. The same is carried out 



for the lower two projectors C, D, and the respective im- 
age data are obtained. Then, these image data are sent 
to the correction computation section 14, and correction 
data for correcting configurational distortion such as ge- 
ometric distortion or positional offset or the like is gen- 
erated and sent to the correction processing section 15. 
At the correction processing section 1 5, on the basis of 
the correction data, correction processing is carried out 
on the two sets (the upper set and the lower set) of im- 
age signals supplied to the four projectors, wherein a 
left image signal and a right image signal are one set of 
image signals. In this way, configurational distortion, 
such as geometric distortion or positional offset can be 
corrected. 

[0096] Alternatively, in the case of Fig. 9, the images 
for correction, which are projected onto the image dis- 
play section 12 from, for example, the two projectors A, 
C for the left eye among the four projectors, are picked- 
up at pick-up sections for correction disposed at the front 
of the image display section 12, and the image data is 
obtained. Fu rther, for the two p rojecto rs B, D for the right 
eye as well, the images for correction projected onto the 
image display section 12 form the two projectors B, D 
are picked-up at pick-up sections for correction, and the 
image data is obtained. Then, these image data are sent 
to the correction computation section 14 where correc- 
tion data for correction of configurational distortion such 
as geometric distortion or positional offset or the like is 
prepared and is sent to the correction processing sec- 
tion 15. At the correction processing section 15, on the 
basis of the correction data, correction processing is 
carried out on the two sets (upper set and lower set) of 
image signals supplied to the four projectors, wherein a 
left image signal and a right image signal are one set. 
The configurational distortion, such as geometric distor- 
tion or positional offset or the like, can thereby be cor- 
rected. 

[0097] In Fig. 9, the upper and lower projected images 
are projected such that the upper and lower adjacent 
portions thereof overlap on the image display section 
12. By providing such an overlapping portion, the border 
between the upper and lower images can be made un- 
noticeable, as compared with a case in which such an 
overlapping portion is not provided. However, when 
there is an overlapping portion, the brightnesses of the 
two images are added together such that this portion 
becomes light, and a type of non-uniformity of lumi- 
nance occurs. Such non-uniformity of luminance can be 
corrected by the method which will be described here- 
inafter. 

[0098] Further, even if the upper and lower projected 
images are disposed on the screen such that no over- 
lapping portion exists, it is possible to carry out correc- 
tion of non-uniformity of luminance and correction of 
non-uniformity of color at the correction computation 
section and the correction processing section, on the 
basis of the respective image data obtained by pick-up. 
[0099] Next, an example of a method for correcting 
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non- uniformity of luminance will be described with ref- 
erence to Fig. 10. 

[0100] First, at the correction computation section, the 
entire display range is divided into plural blocks, with 
one unit block being n pixels X m pixels (wherein n and 
m are positive integers). The total sum of the pixel val- 
ues of each primary color of all of the pixels within a 
block is determined from the image data obtained by 
pick-up. Namely, the sum obtained by adding, for the 
plurality of pixels of each color of R, G, B contained with- 
in a block, the total sum of the pixel values for each R, 
the total sum of the pixel values for each G, and the total 
sum of the pixel values for each B, is the total sum (i.e., 
brightness) of the pixel values of that block. The differ- 
ence between the total sum (minimum value) X of the 
pixel values of the block which is the darkest and the 
total sum An (n means the nth block) of the pixel values 
in a block is determined for each block, and this differ- 
ence information is sent to the correction processing 
section. On the basis of the difference information which 
has been sent thereto, the correction processing section 
carries out correction processing by, for each block, low- 
ering the pixel values within the block and making the 
total sum An of the pixel values within the block coincide 
with the total sum X of the pixel values of the darkest 
block. Specifically, the average value (An-X)/3mn for the 
pixels of each of R, G, B within a block is determined, 
and correction is carried out by subtracting this value 
from the pixel values of R, G, B for each pixel. It is there- 
by possible to correct the non-uniformity of luminance. 
[0101] Similarly, in the case of correction of non-uni- 
formity of color as well, the above-described correction 
processing is carried out for each primary color. In this 
case, the image of each of the primary colors is dis- 
played and picked-up, and the same correction as 
above is carried out for each color. 
[0102] In this way, it is possible to view a more ideal 
stereoscopic image in which not only geometric distor- 
tion and positional offset of the image have been elimi- 
nated, but also non -uniformity of luminance and non- 
uniformity of color have been eliminated. 
[0103] The above-described embodiment uses a 
method in which the image data, which is picked-up after 
a correction start signal is generated at the pick-up sec- 
tion for correction, is temporarily stored, and on the ba- 
sis of a correction stop signal, the image data is sent to 
the correction computation section. However, the timing 
for sending the image data from the pick-up section for 
correction to the correction computation section may be 
different. For example, a method may be used in which, 
when one pick-up is completed, the pick-up section for 
correction immediately sends the image data obtained 
by pick-up to the correction computation section, and 
the correction data obtained by the results of computa- 
tion at the correction computation section is temporarily 
stored. Or, a method may be used in which image data 
is temporarily stored until a fixed number of pick-ups at 
the pick-up section for correction, and when the deter- 



mined number of pick-ups have been completed, the im- 
age data is sent to the correction computation section. 
[0104] Further, by providing a focal point automatic 
adjusting function within the image viewing section 

s formed by spectacles or the like, it is possible to prevent 
the viewer's eyes from becoming fatigued when viewing 
the stereoscopic image. This is because, originally, in 
the case of three-dimensional (stereoscopic) viewing, 
there is the need to address the phenomenon of the fo- 

10 cal position (distance) of the person's eyes changing in 
the viewing direction (because the depth differs in ac- 
cordance with the direction). 

[0105] Fig. 1 1 is a structural example in which a focal 
point automatic adjusting function is provided in the im- 
15 age viewing section. 

[01 06] In Fig. 1 1 , the image viewing section 1 6 (or 44) 
is structured so as to include two sight-line detecting 
means 61-1, 61-2 for the left eye and right eye which 
detect the sight- line directions, a convergence-angle 
computing section 62 which computes the angle be- 
tween the sight-lines (called the convergence-angle) 
from the two sight-line directions of the sight-line detect- 
ing means 61-1,61 -2, a focal point control means 63 for 
controlling operation of the focal point adjusting mech- 
anism on the basis of the computed convergence-angle, 
two focusing systems 64-1 , 64-2 including focusing op- 
tical systems 64-12, 64-22 which are moved forward 
and backward by the focal point control means 63 in or- 
der to adjust the focal point, and image separating 
means 65-1 , 65-2 which is disposed at the front of each 
of the focusing systems 64-1 , 64-2, divide and input the 
respective image lights for the left eye and the right eye 
which are incident from the image display section. 
[0107] Each of the focusing systems 64-1, 64-2 is 
formed by a plurality of focusing optical lens systems. 
The focusing system 64-1 includes a fixed focusing op- 
tical system 64-1 1 , and a focusing optical system 64-12 
which is movable forward and backward by control of 
the focal point control means 63. Similarly, the focusing 
system 64-2 includes a fixed focusing optical system 
64-21, and a focusing optical system 64-22 which is 
movable forward and backward by control of the focal 
point control means 63. 

[0108] In this structure, the means 61-1, 61-2 for de- 
tecting the sight-lines of the left eye and the right eye of 
a person are provided in the image viewing section 16. 
Thus, due to the convergence-angle detecting section 
62 detecting the angle between the two detected sight- 
lines of the left eye and the right eye, i.e., the conver- 
gence-angle (see Fig. 12), the position of regard in the 
depthwise direction can be determined, and appropriate 
adjustment of the focal point position which suits that 
distance can be carried out in realtime. I nth is way, focus 
adjustment at the image viewing section 1 6 can be car- 
ried out automatically in accordance with the distance 
to the viewed region, and thus, fatigue of the eyes of the 
viewer can be lessened. 

[0109] In addition to the above-described embodi- 
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ment, a structure such as follows using four or more pro- 
jectors is also possible. 

[Fourth Embodiment] 

[0110] Fig. 13 is a diagram which schematically illus- 
trates the structure of a stereoscopic image projection 
device of the fourth embodiment of the present inven- 
tion. In the present embodiment, the image projecting 
means displays a projected image for one eye. Thus, by 
using a plurality of projectors which emit light of the three 
primary colors having different wavelength bands, im- 
age display with a larger number of primary colors than 
the usual three primary colors is possible. 
[0111] For example, in order to display an image for 
one eye, two projectors are used, such that a total of 
four projectors are used. The color filters of two projec- 
tors for one eye cover different wavelength bands. 
When the projected images from the two projectors are 
superposed, an image of six primary colors can be dis- 
played. 

[0112] Fig. 13 illustrates an example of an arrange- 
ment of projectors at the time when one three-dimen- 
sional image is displayed by using a total of four projec- 
tors, which are two projectors for the left eye and two 
projectors for the right eye. Fig. 13 shows a case in 
which four projectors 71-1, 72-1, 71-2, 72-2 are dis- 
posed at the rear surface of the image display section 
12 which is a screen or the like, and image viewing is 
possible from the front surface (the side toward the front 
in the direction perpendicular to the surface of the paper 
of Fig. 13). Dashed line frames 71-1 P, 72-1 P, 71-2P, 
72-2P represent image projecting regions of the projec- 
tors 71-1, 72-1, 71-2, 72-2. Figs. 14A, 14B, 14C, 14D 
show the respective image projecting regions 71 -1P, 
72-1 P, 71 -2P, 72-2P in cases in which images are pro- 
jected independently from the projectors 71-1, 72-1, 
71-2, 72-2. (The hatching shows the projector that is 
projecting.) 

[0113] The upper and lower projectors 71-1 , 72-1 are 
used as projectors for the left eye, and the upper and 
lower projectors 71-2, 72-2 are used as projectors for 
the right eye. The projector 71-1 forthe left eye has three 
primary colors of R1 , G1 , B1 . The projector 72-1 for the 
left eye has three primary colors R2, G2, B2 of wave- 
lengths which are different from those of R1 , G1 , B1 of 
the aforementioned projector 71-1 forthe left eye. Sim- 
ilarly, the projector 71-2 for the right eye has three pri- 
mary colors of R1 , G1, B1. The projector 72-2 for the 
right eye has three primary colors R2, G2, B2 of wave- 
lengths which are different from those of R1 , G1 , B1 of 
the aforementioned projector 71-2 for the right eye. 
[0114] The wavelength bands covering the six prima- 
ry colors which are the primary colors of R1 , G1 , B1 and 
the primary colors of R2, G2, B2 are as in Fig. 15 for 
example. 

[0115] In Fig. 15, the three primary colors RGB before 
attachment of filters mean the RGB light sources (RGB 



light obtained by spectral division of light from a white 
light source) which are provided as an original function 
of the projector for use as the three primary colors of 
each projector. 
5 [0116] In the present embodiment; RGB color filters 
(filters having wavelength bands of R1 , G1 , B1 , and fil- 
ters having wavelength bands of R2, G2, 82), which 
have narrower wavelengths, are attached to the original 
RGB light sources. 
10 [0117] Specifically, a narrow band color filter (band- 
pass filter) is disposed at a position in front of the section 
at which the three colors are merged by a prism or the 
like, on the optical path of each of the primary color lights 
of R, G, B within each projector, such that the wave- 
's lengths alternate. In this way, the wavelength bands of 
R1, G1, B1 and the wavelength bands of R2, G2, B2 
alternate. Or, in a case in which the filters are disposed 
at the projection opening of each projector, the RGB 
lights have already been merged by a prism or the like, 
20 and thus, filters having comb-like spectral characteris- 
tics are used. In this way, by disposing filters of alternat- 
ing wavelength bands, a color reproduction range such 
as that shown in Fig. 16 can be obtained. The chroma- 
ticity diagram of Fig. 16 shows the color reproduction 
25 range in comparison with that of a conventional projec- 
tor. 

[0118] By narrowing the wavelength bands of the pri- 
mary colors as described above, the positions of the pri- 
mary colors within the chromaticity diagram approach 

30 the outer sides. 

[0119] Namely, this is based on the following basic 
line of thought: if the primary color points can be set to 
be at positions as close as possible to the outer sides 
in the chromaticity diagram of Fig. 16 and the number 

35 of primary colors can be increased, the inner side of the 
configuration formed by a line connecting the respective 
primary color points is the range of the color which can 
be expressed at the display device. Thus, the color re- 
production range can be broadened. 

40 [0120] As shown in Fig. 16, the color reproduction 
range in a case in which projected images are displayed 
by using the six primary color projectors is much more 
broad than a case in which conventional three primary 
color projectors are used. 

45 [0121] In Fig. 13orFig. 14, the reason why the dashed 
line frames 71 -1 P, 72-1 P, 71 -2P, 72-2P representing the 
image projecting regions of the projectors 71-1, 72-1, 
71-2, 72-2 are trapezoidal shapes of respectively differ- 
ent arrangements is that the image regions projected by 

50 the projectors 71 -1 , 72-1 , 71 -2, 72-2 are distorted differ- 
ently from one another. In Fig. 13, a bold, solid line 73 
(the hatched portion) represents the largest rectangle 
which can be formed within a region in which images 
71 -1P, 72-1 P, 71 -2P, 72-2P from the four projectors 

55 71 -1 , 72-1 , 71 -2, 72-2 are superposed. The size thereof 
is the largest region in which a three-dimensional image 
of six primary colors can be displayed. Accordingly, by 
making the size (range) of the image display section 12, 
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such as a screen or the like, the portion of the bold, solid 
line frame 73, superposed images without positional off- 
set can be obtained. 

[0122] As explained with reference to Fig. 1 , general- 
ly, even in a state in which there is positional offset, im- 
ages are picked-up at the pick-up section 13, and the 
amount of positional offset is determined at the correc- 
tion computation section 14 from the picked-up image 
data, and the image signals can be electrically corrected 
at the correction processing section 1 5 such that the po- 
sitional offset is eliminated. 

[0123] In Fig. 13, an example is illustrated in which 
one projector can display three primary colors, and a 
single image is displayed in six primary colors by using 
two projectors. However, in the present invention, the 
number of primary colors per projectors is not limited to 
three, and the number of primary colors per image is not 
limited to six. For example, each projector may have four 
primary colors, and by using three of such projectors, 
one image (for one eye) can be displayed in 12 primary 
colors. 

[0124] The methods of correction of positional offset 
and geometric distortion are carried out by methods 
which are the same as those of the above-described 
embodiments. 

[0125] In this way, a three-dimensional image can be 
displayed in colors which are close to those of the actual 
subject. 

[0126] As described above, in accordance with the 
present invention, it is possible to electrically correct, 
without mechanical fine adjustment, image distortion 
such as positional offset or geometric distortion of a plu- 
rality of images for one eye and another eye which are 
superposed in order to obtain a stereoscopic image. As 
a result, a stereoscopic image projection device which 
can achieve a proper stereoscopic effect can be provid- 
ed. 

[01 27] Note that the present invention is not limited to 
the above-described embodiments, and various modi- 
fied embodiments are possible within a scope which 
does not deviate from the gist of the invention. 



Claims 

1 . A stereoscopic image projection device comprising: 

a plurality of image projecting means which, on 
the basis of image signals for one eye and an- 
other eye, project images for the one eye and 
the other eye which have parallax; 
image display means for displaying the images 
projected from the plurality of image projecting 
means; 

viewing means for dividing and enabling view- 
ing, at the one eye and at the other eye respec- 
tively, of two-dimensional images for the one 
eye and the other eye which are displayed on 



the image display means; and 
correction processing means for carrying out 
correction processing on at least one of image 
signals for the one eye and the other eye, on 
5 the basis of an amount of correction of image 

distortion determined on the basis of the image 
displayed on the image display means. 

2. A stereoscopic image projection device according 
10 to claim 1 , further comprising: 

pick-up means for correction for picking-up an 
image projected on the image display means, 
for correction; and 

correction computing means for determining, 
by computation, an amount of correction of im- 
age distortion from picked-up image data, 
wherein the correction processing means car- 
ries out correction processing on image signals 
for the one eye and the other eye or on an im- 
age signal for one of the one eye and the other 
eye, on the basis of the amount of correction 
determined by the correction computing 
means. 

A stereoscopic image projection device according 
to claim 2, further comprising: 

a plurality of first polarizing means through 
which passes only light of a given polarization 
direction for each eye from image lights for the 
one eye and the other eye which are projected 
from the plurality of image projecting means, 
wherein, by using polarized light, the viewing 
means divides and enables viewing, at the one 
eye and at the other eye respectively, two-di- 
mensional images for the one eye and the other 
eye which are displayed on the image display 
means. 

A stereoscopic image projection device according 
to claim 3, wherein the pick-up means for correction 
includes: 

pick-up means having functions of carrying out 
pick-up of an image for correction and tempo- 
rarily accumulating image data; 
a second polarizing means through which only 
light of a given polarization direction passes; 
rotating means for automatically rotating the 
second polarizing means a predetermined an- 
gle; 

rotation control means for controlling of the ro- 
tating means; and 

pick-up times counting means for sensing com- 
pletion of pick-up of the image for correction, 
counting a number of times pick-up is carried 
out, and stopping pick-up by the pick-up means 
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other eye, project images for the one eye and 
the other eye which have parallax; 
image display means for displaying the images 
projected from the plurality of image projecting 

5 means; 

viewing means for dividing and enabling view- 
ing, at the one eye and at the other eye respec- 
tively, two-dimensional images for the one eye 
and the other eye which are displayed on the 

10 image display means; and 

correction processing means for carrying out 
correction processing on at least one of image 
signals for the one eye and the other eye, on 
the basis of an amount of correction of image 

is distortion determined on the basis of the image 

displayed on the image display means, 
wherein the correction amount computing de- 
vice of a stereoscopic image projection device 
comprises: 

20 

pick-up means for correction for picking-up 
an image projected on the image display 
means, for correction; and 
correction computing means forcomputing 
25 a correction amount for correcting image 

distortion from picked-up image data, and 
outputting the correction amount to the cor- 
rection processing means. 



when the number of times pick-up is carried out 
has reached a given number of times. 

5. A stereoscopic image projection device according 
to claim 2,' further comprising: 

a plurality of first shutter means for repeatedly 
carrying out, at high speed, operations of allow- 
ing passage of and blocking passage of image 
lights for the one eye and the other eye which 
are projected from the plurality of image pro- 
jecting means; 

shutter controlling means for controlling opera- 
tions of the plurality of first shutter means and 
the pick-up means for correction; and 
correction start signal generating means for 
generating a correction start signal, and for 
making the shutter control means and the pick- 
up means for correction start operations for cor- 
rection. 

6. A stereoscopic image projection device according 
to claim 5, wherein the image viewing means has a 
plurality of second shutter means for the one eye 
and the other eye which repeatedly open and close 
at high speed synchronously with the plurality of first 
shutter means for the one eye and the other eye. 

7. A stereoscopic image projection device according 
to claim 5, wherein the pick-up means for correction 
includes: 

pick-up means having functions of carrying out 
pick-up of an image for correction and tempo- 
rarily accumulating image data; 
pick-up control means for controlling the pick- 
up means; and 

pick-up times counting means for sensing com- 
pletion of pick-up of the image for correction, 
counting a number of times pick-up is carried 
out, and stopping pick-up by the pick-up means 
when the n umber of times pick-up is carried out 
has reached a given number of times. 

8. A stereoscopic image projection device according 
to claim 1 , wherein the image projecting means car- 
ries out image display with a number of primary 
colors which is greater than a usual number of three 
primary colors, by the image projecting means uti- 
lizing plural devices which emit lights of primary 
colors having different wavelength bands, in order 
to display an image for one eye. 

9. A correction amount computing device of a stereo- 
scopic image projection device having: 

a plurality of image projecting means which, on 
the basis of image signals for one eye and an- 



30 10. A correction amount computing device of a stereo- 
scopic image projection device according to claim 
9, further comprising: 

a plurality of polarizing means through which 
35 passes only light of a given polarization direc- 

tion for each eye from image lights for the one 
eye and the other eye which are projected from 
the plurality of image projecting means, 
wherein, by using polarized light, the viewing 
40 means divides and enables viewing, at the one 

eye and at the other eye respectively, two-di- 
mensional images f orthe one eye and the other 
eye which are displayed on the image display 
means. 

45 

1 1 . A correction amount computing device of a stereo- 
scopic image projection device according to claim 
9, furthercomprising: 

50 a plurality of shutter means for repeatedly car- 

rying out, at high speed, operations of allowing 
passage of and blocking passage of image 
lights for the one eye and the other eye which 
are projected from the plurality of image pro- 
55 jecting means; 

shutter controlling means for controlling opera- 
tions of the plurality of shutter means and the 
pick-up means for correction; and 
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correction start signal generating means for 
generating a correction start signal, and for 
making the shutter controlling means and the 
pick-up means for correction start operations 
for correction. 5 



12. Acorrection amount computing device of a stereo- 
scopic image projection device according to claim 
9, wherein the image projecting means carries out 
image display with" a number of primary colors 10 
which is greater than a usual number of three pri- 
mary colors, by the image projecting means utilizing 
plural devices which emit lights of primary colors 
having different wavelength bands, in order to dis- 
play an image for one eye. '5 
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FIG.3A 
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PROJECTED ORTHOGONALLY 
WITH RESPECT TO SCREEN 



FIG.3B 
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PROJECTED AT AN INCLINE 
WITH RESPECT TO SCREEN 
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HAS BEEN CORRECTED 
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